A new and simple gas chromatographic (GC) method using flame ionization detector (FID) and mass spectrometry (MS) for the simultaneous determination of eight fatty alcohols in 10 mg policosanol film-coated tablets was established and applied to the quality control (QC) of policosanol film-coated tablets. A DB-35MS capillary column (30 m × 0.32 mm, 0.25 um) was employed for the separation. GC-FID was used to quantitatively analyze the eight ingredients with 1-eicosanol as internal standard, three of which were identified using GC-MS due to the lack of standard. The linearity, accuracy, precision, stability, robustness and sensitivity within the detection limits were evaluated. The average recovery of the method was 96.3% -100.4% and linearity was (R > 0.999). The average drug content was found to be 96.8% of the labeled amount (10 mg).
Introduction
Policosanol is a mixture of eight long-chain aliphatic primary alcohols, 1-tetracosanol, 1-hexacosanol, 1-heptacosanol, 1-octacosanol, 1-nonacosanol, 1-triacontanol, 1-dotriacontanol, and 1-tetratriacontanol originally isolated and purified from sugar cane (Saccharum officinarum L.) wax [1] . GC-FID has been frequently used for policosanol quantitation after derivatization with N-methyl-N-trimethylsilyltri-oroacetamide (MSTFA) as silylation reagent [2] [3] [4] [5] which was laborious and time-consuming, and the reaction yield was multifactor affected. Nonderivatization GC methods were developed for policosanol analysis [6, 7] , but there has been no nonderivatization method reported for QC of these eight ingredients in policosanol film-coated tablets [8] . The method for the determination of five ingredients in policosanol film-coated tablets has been reported [9] , 1-nonacosanol, 1-dotriacontanol and 1-tetratriacontanol in policosanol filmcoated tablets were not quantitatively analyzed due to the lack of standard. In the present work, 1-nonacosanol, 1-dotriacontanol and 1-tetratriacontanol were qualitatively analyzed by GC-MS. 1-octacosanol was used as reference preparation to quantity 1-nonacosanol, while the correction factor of 1-triacontanol was used to quantity1-dotriacontanol and 1-tetratriacontanol. The developed method for simultaneous quantification of eight ingredients was sensitive, accurate, precise and reproducible and was applied to QC of 10 mg policosanol filmcoated tablets.
Experimental

Chemicals and Materials
1-tetracosanol (98%), 1-hexacosanol (97%), 1-heptacosanol (98%), 1-octacosanol (99%), 1-triacontanol (99%) and 1-eicosanol (97%) were from Sigma-Aldrich. Chloroform was from J. T. Baker. Policosanol film-coated tablets (strength: 10 mg) were obtained from Zibo Shanchuan Pharmaceutical Factory (Shandong, China).
Instrumentation
GC studies were carried out on an Agilent 7890A gas chromatograph equipped with a FID detector (Agilent Technologies, G3461-6400, USA), a 5975C series MS and a 7683B series autosampler with a split/splitless injection port, operated in the splitless mode. GC separations were performed using a DB-35MS capillary column with 0.25 um film thickness (30 m × 0.32 mm, USA).
The GC was controlled by a computer running Chemstation software (Agilent Technologies, B.04.02).
Chromatographic Conditions
The column oven temperature was programmed from 200˚C (held for 1 min) to 270˚C (held for 2 min) at a rate of 8˚C/min, then from 270˚C to 310˚C (held for 8 min) at a rate of 20˚C/min. The injector and detector temperature were set at 320˚C and 340˚C, respectively. The carrier gas for FID was helium with a flow rate of 8 mL/min. The nitrogen and hydrogen flow rates were fixed at 42 and 50 mL/min for FID detection respectively. Injection volume was 1 μL at the splitless mode. The carrier gas for MS was helium and two microliter solution was injected in the splitless mode. The EI ion source was operated at 200˚C with ionization voltage of 70 eV. The transfer line temperature was 250˚C. The emission current was 1.2 A. Mass scan mode with m/z of 20 to 500 was conducted.
Preparation of Stock and Standard Solutions
Internal standard working solution was prepared by accurately weighing 10 mg of 1-eicosanol (97%) dissolved with 100 mL of chloroform and then diluted to 10 μg·mL 
Sample Preparation
Ten policosanol film-coated tablets (strength: 10 mg) were weighed and finely powdered. The average weight of tablets was determined with the weight of 10 tablets. A portion of powder (78.4 mg) equivalent to the weight of four tenths tablet was accurately weighed into a 100 mL beaker flask with cover. Followed by 50 ml internal standard working solution added, it was sonicated for 20 min at 60˚C to obtain complete dissolution of the compounds and then the solution was filtered through a piece of filter paper. One microliter solution was injected into GC column for analysis, finally the amounts of the drug were calculated.
Results and Discussion
Chromatographic Conditions
The total ion current (TIC) chromatogram of film-coated tablet solution is shown in Figure 1 . Usually, it is difficult to obtain the molecular ions [M]+ of aliphatic primary alcohols by EI ionization, especially those with high molecular weight which are too active to give [M]+ EI ionization. However, some typical fragments such as Table 1 . The retention times of 1-triacontanol, 1-duotriacontanol and 1-tetratriacontanol in TIC chromatogram are the same as that in the GC-FID chromatogram in Figure 2 . 1-octacosanol was used as reference preparation to quantity 1-nonacosanol, while the correction factor of 1-triacontanol was used to quantity1-dotriacontanol and 1-tetratriacontanol.
Limit of Detection and Limit of Quantification
The limit of detection and quantitation (LOD and LOQ) were definited at a signal-to-noise ratio of 3 and 10 as criteria. The LOQ and LOD values for each ingredient are summarized in Table 2 .
Linearity
Linearity was assessed over the concentration range of 60.96 -142.24 μg·mL -1 of the mixed working solution. Calibration curves of five independent ingredients were constructed by plotting the ratio peak area of internal standard versus its respective concentration. The equations of linear regressions and regression coefficients of the calibration curve for the five ingredients are presented in Table 2 .
Precision
The precision was investigated with repeatability (intra-day) and intermediate precision (inter-day). Repeatability was evaluated by injections of six sample of the mixed working solution per day, while the intermediate precision was performed over 3 days. The RSD of intra-day and inter-day study varied from 0.20% -0.85% and 0.59% -1.12%, showed that the repeatability and intermediate precision of this method were satisfactory.
Accuracy
Three levels of the five ingredients were analyzed to evaluate the interference of adjuvants in tablets. The analytical recovery experiments were performed by adding known amounts of drug powder to mixed working solution. The recovery was calculated by original, spiked and found qualities as following listed in Table 3 .
   
Recovery % amount found amount original amount spiked 100   
Stability
To evaluate the stability of policosanol, film-coated tablet solutions were analyzed after being stored at room temperature for 0, 1, 2, 3, 5, 7 h. The RSD values of the eight alcohols were less than 2.93%. 
Robustness
To assess robustness, the experimental conditions were deliberately altered, and resolution between the adjacent alcohols of mixed working solution and film-coated tablet solution were evaluated. Six variables (flow rate, detector temperature, injector temperature, initial oven temperature and terminal oven temperature) were studied by performing 10 separate experiments of both mixed standard solution (n = 6) and sample solutions (n = 6).
The selected operating conditions are shown in Table 4 . In all the deliberate varied chromatographic conditions, the resolution between two adjacent alcohols of mixed working solution was greater than 3.8, while the resolution between two adjacent alcohols of film-coated tablet solutions was greater than 2.2.
Quality Control
The developed method was applied to the determination
